1.
The authors described that relative indication of ECPR was judged by emergency physicians in charge of treating an OHCA patient. Is there any possibility that each physician's selection bias such as physician's preference would affect the judgement? Do they have any strategy for reducing the selection bias?
2.
In the Limitation, the authors mentioned that they did not collect the complete data of basic underlying conditions such as daily living activities and medication use. Instead, I believe that Overall comments:
• Need to ensure that all included patients are those who have refractory arrest and are treated with ECPR during active chest compressions. Many studies include patients in the "ECPR" group who actually achieved ROSC but were treated with ECPR anyways.
• The decision to use the age cut-offs decided appears arbitrary. I would appreciate more data to see where the break points are. With low patient numbers it is hard to actually find statistical differences between age groups, and thus showing the actual numbers in different age groups (acknowledging that statistical significance will not be present) will be telling.
• It needs to be stated that not finding a difference is not the same as there being no difference-the outcome differences appear to be clinically significant if not statistically significant. Differences would surely be apparent with a larger n.
• The primary comparison by age 75 is fine, but I would appreciate further secondary analyses: o I would break up table 2 into decades of life (and show a verticle bar graph with 95% CI's)-this will provide much more information to the reader. I would perform a logistical regression model using decades of age as categorical variables o I would like to see a logistic regression with age as a continuous variable.
• I would change the primary outcome to neurological favourable survival. Your comparison of survival (10 vs 20%) between under and over 75 is almost non-applicable when you learn that none of those > 75 had good neurological outcomes. I would recommend reporting neurological outcomes first and foremost, with survival a secondary outcome.
• One important limitation: I completely agree that age in itself would not ideally be a factor for exclusion on ECPR protocols. Our local clinical criteria uses age > 65 as a cut-off for eligibility. We may have a 66-year-old completely healthy patient who runs marathons and is an excellent ECPR candidate. We may also have a 53 year old smoker with COPD and CHF who is a much worse candidate, but who fits our criteria.However, the problem is that with out-of-hospital cardiac arrests there is often very little information available to the clinicians who must make rapid decisions on whether to implement ECPR. In younger patients it is much more likely that chronic diseases are not present. As you push the age higher and higher patients are much more likely to have conditions that would make them poor candidates. Thus, in circumstances in which all information is available the patient's pre-arrest quality of life and comorbidities should be used (without age) to determine eligibility, however more often than not this information is possible.
Abstract:
• Conclusions of "efficacy" need to be from a clinical trial environment • I would change the second sentence to "the aim of this study was to examine the impact of age on outcomes among OHCA patients treated with ECPR" (same comment for the "Strength and limitations section" • Participants: if you have room in the word count you may want to describe your centres ECPR criteria in the participants section: "At our centre the ECPR eligibility criteria is:… " Introduction:
• I would further stress that almost all ECPR clinical protocols include an age limit as a contraindication, however this is not based on evidence.
Methods:
• I would remove "well-trained" (p. 5, line 5) which is subjective; the same comment applies to later in the manuscript.
• Please provide more details for study eligibility: did any of the patients have ROSC prior to ECPR initiation? Please include a sentence such as "All included patients remained in refractory arrest and ECPR was implemented during active chest compressions in the [location] ". Or, we excluded those with sustained ROSC (defined as a palpable pulse for > XX minutes) • Please indicate the location of cannulation.
• I would indicate that all patients are transported to hospital, regardless of whether ROSC is achieved (ie. none are declared dead in the prehospital setting) • Are there any guidelines of when transport to hospital should occur?
• Some editing of the English is required in the second paragraph of "selection of participants".
• Table 1 should indicate in which cases those with PEA/asystole are considered.
• ECMO management: "optimal medical care" is subjective; I would change to "guideline recommended care" and provide a reference • "systolic blood pressure" is not available for those on ECMO. Please indicate which MAP is targeted.
• Data collection: who decided the "cause of the arrest"?
• How was the CPC score decided? Who did this? • Statistical analysis: o Co-variates: I would include "witnessed arrest", and "public location" in your adjustment variables. I would not include therapeutic hypothermia -it states that this is done on all patients.
Further, the decision to use it may be based on the patient's clinical state (ie. those for whom it appears "futile" may not be treated). Lastly, it is implemented after the exposure of interest (ECPR treatment), and thus should not be used to adjust.
• Add "pulseless" before VT • I would recommend breaking down ages by decades, and running an analysis looking at decade of age as a categorical variable Results:
• Exclusions o 5 patients were transported to another hospital after initiation on ECMO: why were they transported and why are these outcomes not able to be obtained? o Patients in your system are treated with ECPR based on the judgment of the treating physicians. Thus all patients who were treated with ECPR should be included. It is not fair to the analysis to remove patients who you consider after the fact to have "not met the inclusion criteria". It is reasonable to exclude those with traumatic arrest, however the rest should be included. It was not possible to know that the SAH patients had this diagnosis when ECPR was initiated, thus should be included. Further, hypothermia is part of the inclusion criteria.
Discussion:
• The conclusions should be: o No good neuro outcomes among those > 75: therefore ECPR criteria should exclude those above this age o However, age cut-offs of 65 and 70 were not independently associated with neurological outcomes, and thus carefully selected patients up to 75 may benefit from this intervention • The 2nd sentence of the 2nd paragraph is confusing • Do not use word "efficacy" • 3rd paragraph: o As you state, elderly patients may have less reserve and are more likely to have comorbidities-this is a reasonable explanation for worse outcomes o However, it does not seem reasonable that longer time to ROSC would be the reason for the worse outcomes-as all ECPR treated patients have prolonged periods until circulation is restored Conclusion (abstract and manuscript): The primary outcome is survival, and the primary analysis is age < 75 vs age > 75, which showed no statistical difference in survival. However the conclusion states that advanced age is associated with lower survival. The conclusion needs to report the primary analysis, which in this case was neutral. I would recommend changing the primary analysis to the outcome of neurological outcome. Table 2 : please show data on "witnessed arrest", and "public location" if possible. I would recommend breaking down the ages into decades: ie. 18-30, 30-40, 40-50. Or at least by 20 year categories. It would guess that the best outcomes will be in the 40-60 year group. -in our experience those 18-40 do quite poorly, presumably as the arrests are often due to non-cardiac causes (eg. unknown drug overdose, dissection, intra-cranial bleed, etc) Knowledge regarding the short-and long-term neurological status of elderly OHCA survivors is scarce. The authors need to be congratulated for having addressed this important and understudied topic.
REVIEWER
Major comments: 1. The fact that advanced age seems to be associated with lower survival is not a surprise. The previous definition of "advanced age" is heterogeneous and ranges from 65 to 85 in OHCA studies. The authors have chosen to dichotomize at 75 years old as their main outcome, which is adequate. However, there was no statistical difference in terms of mortality regarding this analysis (likely due to the lack of power…) which should be presented as their study main result. Furthermore, the conclusions should be modified in accordance with the results and authors would benefit to present the data by age group rather than conclude solely that advanced age is associated with poor survival. For instance, in their "sensitivity analysis" the proportion of survival with good neurological outcome was similar in patients less and over 65 years old (p=1.00).
2.
In the abstract and the results section, please add the number of patients included in each group for all the comparisons performed (survival and survival with good neurological outcome). The readers would benefit to know the number of patients aged over 65, over 70 and over 75. The only place I am able to find this information is in Figures 2B and 2C . 3.
The benefit of conducting multivariable analyses in such as a small cohort with that few number of events (survival) is questionable.
4.
Please explain why the study was limited to the period of 2005 -2013, which means that last data was acquired more than four years ago? 5.
Please explain how and when the neurological outcome (CPC) was assessed. The study has several issues of concern that need to be properly addressed prior to publication: 1. The manuscript needs a thorough language revision, preferably by a native or fluent English speaker. In parallel with this, implementation are used inappropriately and interchangeably with indications on page 5, which causes confusion. This should be changed to indications where appropriate, so that implementation refers to whether ECMO/CPR was established. Perhaps the authors could consider to use the word establishment and established to reflect the implementation/use of the procedure.
2.
The sample size is low, with only 139 included patients and only 20 patients of 75+ years of age. After all, one could argue that the results found are due to particular case-mix compositions of the few elderly patients included that may not be generalizable. On this basis, I strongly suggest the authors to a.
avoid words like significant and non-significant, b. omit P-values and replace with 95% CIs, where possible c.
instead, to use more descriptive language throughout the manuscript, i.e. "one-month survival was X% (95% CI X-X) in patients below 75 years of age versus Y% (95% CI Y-Y) in patients of 75+ years" 3.
In continuation of 2, are the elderly patients that are included with severe comorbidity burden that can explain the results? This should be added as a limitation alongside the point that the elderly included patients may have had a poorer neurological state prearrest.
4.
Also in continuation of major comment 2, the authors are also strongly suggested to more clearly state the power issue in the conclusions and discussions and not only in the limitations section. a.
The overall sample size should be noted in the abstract conclusion and in the manuscript conclusion. An example of a revised conclusion could be: "Of 139 patients, one-month survival was X% in 119 patients below 75 years of age vs. Y% in 20 patients of 75+ years of age. Among these 20 patients, none survived with intact neurological outcome. A larger study is needed to confirm these results." b.
The first paragraph of the discussion summarizing the main findings should similarly take into account the limited number of patients studied c.
Speculations in the discussion regarding treatment of elderly patients with ECMO/ECPR should accordingly be revised to be more modest.
5.
There is limited description of the data resource and data report form as well as the completeness of the data source. Is it part of a general OHCA database? Are EMS-witnessed cases registered and excluded from this study? This is not clear from Please add number of patients according to age in the abstract.
2.
The term elderly is not consistently used to refer to patients of 75+ years. The authors are suggested to either omit this word or revise to ensure consistency throughout the manuscript.
VERSION 1 -AUTHOR RESPONSE
Editorial Requests: -On page 12 you say that the study may have "limited statistical power". Can you please elaborate on this statement? Did you carry out an a priori power analysis? [Response] We appreciate the opportunity to clarify this point. As reviewers pointed out, the sample size of this study is limited -of 144 study patients, 22 patients are ≥75 years of age. The limited sample size possibly led to the nonstatistical significances. We have clarified this point in the Limitations section (page 13 para 1).
-Regarding reviewer 4's final comment, we do not think it is necessary to add p values to Table 1 . We would encourage you to follow the advice of reviewer 5 regarding the use of Confidence Intervals.
[Response] As suggested, we did not add p-values to Table 1 and omitted p-values from Table 2 . Instead, we have described our findings with confidence intervals in the Results section (page 9).
Reviewers' Comments to Author:
Reviewer: 1 Reviewer Name: Jin-Ho Choi Institution and Country: Samsung Medical Center, Seoul, Korea Competing Interests: None
The authors reported a total of 139 OHCA patients treated with ECMO. The number is quite limited by current standard considering numerous ECMO studies have been published. The clinical benefit of ECMO for old OHCA patients may be difficult to be concluded based on such limited number of cases.
[Response] We do not disagree with the reviewer's comments on the limited number of cases. Nevertheless, our data include elderly patients (≥75 years) with limited evidence of the effectiveness of ECMO. As highlighted in the Discussion section (page 10, para 2), we believe that our study including age ≥75 years could provide valuable clues for creating optimal strategy for elderly patients with OHCA in the aging era.
Reviewer: 2 Reviewer Name: Tasuku Matsuyama Institution and Country: Department of Emergency Medicine, Kyoto Prefectural University of Medicine, Japan Competing Interests: None declared It is my pleasure to review the manuscript; bmjopen-2017-019811, entitled "Impact of Extracorporeal Cardiopulmonary Resuscitation on Outcomes of Elderly Patients with Out-of-Hospital Cardiac Arrests: a single-centre retrospective analysis." This study aimed to assess the effectiveness of ECPR on elderly patients aged ≥75 years in a single tertiary care center, and surprisingly no elderly OHCA patients who underwent ECPR survived with favorable neurological outcome. This result is helpful for bridging the knowledge gap of the effectiveness of ECPR for elderly OHCA patients.
[Response] We thank the reviewer's positive comments.
However, before your paper is suitable for publication, I think this paper would benefit from substantial revision.
1.
[Response] We appreciate the reviewer's comments. As the reviewer pointed out, it is difficult to eliminate selection bias caused by the physician's preference. Nevertheless, in our critical care medical centre, physicians use mobile phones to discuss the eligibility of ECPR with other in-hospital attending physicians. This process may reduce the selection bias due to the physician's preference. We have highlighted this point in the Methods section (page 5, para 2) and Limitations section (page 13, para 1).
2.
In the Limitation, the authors mentioned that they did not collect the complete data of basic underlying conditions such as daily living activities and medication use. Instead, I believe that providing the information about the condition of OHCA patients on hospital arrival such as pH or Lactate would be also important. Therefore, if they have such data, please add them to the Table and Result.
[Response] We appreciate the reviewer's suggestions. As suggested, we have added information on pH and lactate to Table 2 and to the Results section (page 9, para 1). The pH value and serum lactate level were preferable (i.e., high pH value and low lactate level) in patients aged ≥75 years, compared to those aged <75 years.
3.
Resuscitation process such as witness status by bystanders and CAG/PCI is also important. Please add theseinformation. If they don't have, please mention it in the Limitation.
[Response] Unfortunately, we did not collect information on CAG/PCI status. Therefore, as suggested, we have expanded the Limitations section (page 13, para 1)
4.
The authors express the study setting hospital as both "Critical care centre" and "tertiary care centre", which is confusing. Please use one of these. Also, they sometimes misspell "centre" as "canter".
[Response] We have used "critical care centre" and "centre" as the consistent terms throughout the manuscript.
Reviewer: 3 Reviewer Name: Brian Grunau Institution and Country: St. Paul's Hospital, University of British Columbia, Vancouver, Canada Competing Interests: None
•
Thank you for allowing me the opportunity to read this much deserving study. This data will be highly useful in the ECPR literature: all clinical ECPR programs include age as a eligibility criterion, however this is not based on evidence.
Overall comments: • Need to ensure that all included patients are those who have refractory arrest and are treated with ECPR during active chest compressions. Many studies include patients in the "ECPR" group who actually achieved ROSC but were treated with ECPR anyways.
[Response] We appreciate the opportunity to clarify this important point. In this study, we included patients with out-of-hospital cardiac arrest, while there was no information on whether the ECPR was implemented during active chest compression. We have highlighted this point in the Limitations section (page 13, para 1). Furthermore, we have also highlighted information on patients who had at least one ROSC during transportation to Table 2. • The decision to use the age cut-offs decided appears arbitrary. I would appreciate more data to see where the break points are. With low patient numbers it is hard to actually find statistical differences between age groups, and thus showing the actual numbers in different age groups (acknowledging that statistical significance will not be present) will be telling.
[Response] We appreciate the reviewer's helpful suggestion. First, we have added a sensitivity analysis using the following age categories as a categorical variable: ≤39, 40-49, 50-59, 60-69, 70-79, >80 years (supplemental Table 1 and Table 3 ). Next, we have presented the association between age and outcomes by using a LOWESS smoother with calculating 95%CI using a bootstrap method (Figure 1 ). These data collectively suggest that the one-month neurologically favourable outcomes and survival decrease from age 70. We have added this information to the Methods (page 8, para 1 and 2), Results (page 10, para 2), and Conclusions sections (page 13, para 2 and page 14, para 1).
[Response] We appreciate the reviewer's comments. As suggested, we have described our findings with 95% confidential interval rather than statistical significance in the Results section (page 9, para 2 and 3) and Discussion section (page 10, para 2).
•
The primary comparison by age 75 is fine, but I would appreciate further secondary analyses: o I would break up table 2 into decades of life (and show a verticle bar graph with 95% CI's)-this will provide much more information to the reader. I would perform a logistical regression model using decades of age as categorical variables [Response] We appreciate the reviewer's suggestions. Although we do not disagree with the reviewer's suggestions, breaking up table 2 into decades of age may not be consistent with the results using cutoff of age 75 years and the table may become busy. Thus, we have left Table 2 as is, and added a new supplemental table to elaborate the patient characteristics with breaking up table into decades of age (supplemental Table 1 ). o I would like to see a logistic regression with age as a continuous variable.
[Response] As requested, we have analysed data using a logistic regression model with age as a continuous variable. In this analysis, the odds ratio of age was 0.97 (95%CI, 0.93-1.02; P=0.23) for one-month neurologically favourable outcome and was 0.98 (95%CI, 0.95-1.01; P=0.29) for one-month survival. Nevertheless, as shown in Figure 1 , the association between age and outcomes were not a linear relationship. Therefore, we did not add these results to the manuscript.
[Response]
We appreciate the helpful suggestions. As suggested, we have changed the primary outcome to neurologically favourable survival.
• One important limitation: I completely agree that age in itself would not ideally be a factor for exclusion on ECPR protocols. Our local clinical criteria uses age > 65 as a cut-off for eligibility. We may have a 66-year-old completely healthy patient who runs marathons and is an excellent ECPR candidate. We may also have a 53 year old smoker with COPD and CHF who is a much worse candidate, but who fits our criteria. However, the problem is that with out-of-hospital cardiac arrests there is often very little information available to the clinicians who must make rapid decisions on whether to implement ECPR. In younger patients it is much more likely that chronic diseases are not present. As you push the age higher and higher patients are much more likely to have conditions that would make them poor candidates. Thus, in circumstances in which all information is available the patient's pre-arrest quality of life and comorbidities should be used (without age) to determine eligibility, however more often than not this information is possible.
[Response] We agree with the reviewer's insightful comments. As the reviewer pointed out, the eligibility of ECPR should not be determined based on age as a single variable -it should be determined based on all available information including the patient's pre-arrest quality of life and comorbidities. We have expanded this important point to the Limitations section (page 12, para 3) and Conclusions section (page 13, para 2, and page 14 para 1).
Abstract: •
Conclusions of "efficacy" need to be from a clinical trial environment
As requested, we have changed "efficacy" to "effectiveness" throughout the manuscript.
• I would change the second sentence to "the aim of this study was to examine the impact of age on outcomes among OHCA patients treated with ECPR" (same comment for the "Strength and limitations section"
[Response] As suggested, we have changed the second sentence in the abstract and the strength and limitations section to "the aim of this study was to examine the impact of age on outcomes among OHCA patients treated with ECPR".
• Participants: if you have room in the word count you may want to describe your centres ECPR criteria in the participants section: "At our centre the ECPR eligibility criteria is:… "
[Response] As suggested, we have described the ECPR criteria in the Methods section (page 6, para 1).
Introduction:
[Response] We agree, and have highlighted this point in the Introduction section (page 4, para 2) as "ECPR clinical protocols are likely to include an age limit as a contraindication, regardless of sufficient supporting evidence".
Methods:
[Response] Done.
• Please provide more details for study eligibility: did any of the patients have ROSC prior to ECPR initiation? Please include a sentence such as "All included patients remained in refractory arrest and ECPR was implemented during active chest compressions in the [location]". Or, we excluded those with sustained ROSC (defined as a palpable pulse for > XX minutes)
[Response] As stated previously, we included patients with out-of-hospital cardiac arrest, while there was no information on whether the ECPR was implemented during active chest compression. Instead, we have added information on patients who had at least one ROSC during transportation ( Table 2 ). As requested, we have added this information to the Limitations section (page 13, para 1).
• Please indicate the location of cannulation.
The cannulation was performed in the ED adjoining cardiac catheterization room (page 6, para 2)
• I would indicate that all patients are transported to hospital, regardless of whether ROSC is achieved (ie. none are declared dead in the prehospital setting)
[Response] We have indicated that all patients were transported to hospital, regardless of whether ROSC was achieved (Methods section, page 5, para 2).
• Are there any guidelines of when transport to hospital should occur?
[Response] Yes. As highlighted in the Methods section (page 5, para 1 and 2), in the study area, the Fire-Defense Headquarters requested a physician-staffed ambulance from our hospital for all OHCA patients including suspected OHCA (based on the information provided by the emergency call from the patient containing keywords that indicate a heart attack or cardiac arrest). In addition, all OHCA patients are transported to the hospital, regardless of whether ROSC was achieved (i.e., none are declared dead at the scene).
[Response] We appreciate the careful review, and have edited the English throughout the manuscript.
[Response] As requested, we have clarified the cases with PEA/Asystole in Table 1. • ECMO management: "optimal medical care" is subjective; I would change to "guideline recommended care" and provide a reference [Response] As requested, we have changed the sentence to "guideline recommended care" with a reference in the Methods section (page 6, para 2).
• "systolic blood pressure" is not available for those on ECMO. Please indicate which MAP is targeted.
[Response] We have changed the sentence to "The patients were provided adequate oxygenation, vasopressors and fluid administration to maintain systolic arterial pressure at 90 mmHg and/or mean atrial pressure at 65 mmHg" (Methods section, page 6, para 2).
[Response] The attending physician at the morning conference decided the cause of cardiac arrest. We have added this information to the Methods section (page 7, para 2)
• How was the CPC score decided? Who did this? [Response] The attending physician in-charge of the rounds or the outpatient determined the CPC score. We have elaborated this point in the Methods section (page 7, para 3).
• Statistical analysis: o Co-variates: I would include "witnessed arrest", and "public location" in your adjustment variables. I would not include therapeutic hypothermia -it states that this is done on all patients. Further, the decision to use it may be based on the patient's clinical state (ie. those for whom it appears "futile" may not be treated). Lastly, it is implemented after the exposure of interest (ECPR treatment), and thus should not be used to adjust.
We appreciate the reviewer's insightful comments. We have added "witnessed arrest" variable to the model; however, we were unable to add the "public location" variable to the model, as our dataset did not include this information. In addition, as the reviewer pointed out, we have removed "therapeutic hypothermia" variable from the model. The have revised the Methods section (page 8, para 2).
• Add "pulseless" before VT We have added "pulseless" before VT throughout the manuscript.
• I would recommend breaking down ages by decades, and running an analysis looking at decade of age as a categorical variable As requested, we have analysed data using decades of age as a categorical variable (Table 3) . Although the samples size was limited, the advanced age (age 70-79 years and age 80-89 years) was associated with poor one-month neurologically favourable outcomes and survival.
Results:
• Exclusions o 5 patients were transported to another hospital after initiation on ECMO: why were they transported and why are these outcomes not able to be obtained?
The five patients who were transported to another hospital after initiation on ECMO required further care including the implementation of a left ventricular assistive device (Results section, page 8, para 3). We are unable to obtain information on outcomes after transferred patients from the medical record in our centre as the information is not collected to our medical record system. o Patients in your system are treated with ECPR based on the judgment of the treating physicians. Thus all patients who were treated with ECPR should be included. It is not fair to the analysis to remove patients who you consider after the fact to have "not met the inclusion criteria". It is reasonable to exclude those with traumatic arrest, however the rest should be included. It was not possible to know that the SAH patients had this diagnosis when ECPR was initiated, thus should be included. Further, hypothermia is part of the inclusion criteria.
As suggested, we have added patients with SAH, and accidental hypothermia to the analysis. The association between advanced age and poor outcomes did not change materially (Table 3 and Figure  1 ).
Discussion: •
The conclusions should be: o No good neuro outcomes among those > 75: therefore ECPR criteria should exclude those above this age o However, age cut-offs of 65 and 70 were not independently associated with neurological outcomes, and thus carefully selected patients up to 75 may benefit from this intervention [Response] As suggested, we have revised the Conclusion section according to the reviewer's suggestions (page 13, para 2, and page 14 para 1)
•
The 2nd sentence of the 2nd paragraph is confusing [Response] We have removed the second sentence of the second paragraph.
• Do not use word "efficacy" We have changed "efficacy" to "effectiveness" throughout the manuscript.
• 3rd paragraph: o As you state, elderly patients may have less reserve and are more likely to have comorbidities-this is a reasonable explanation for worse outcomes o However, it does not seem reasonable that longer time to ROSC would be the reason for the worse outcomes-as all ECPR treated patients have prolonged periods until circulation is restored We appreciate the opportunity to clarify this point. We believe elderly patients who may have less reserve might not withstand the prolonged CPR compared to younger age. For example, an OHCA patient age 30 years may have more chance to respond the prolonged CPR of 50 min, while an OHCA patient age 80 years may have lower chance to respond the prolonged CPR of 50 min. We have elaborated these points to the Discussion section (page 11, para 1).
Conclusion (abstract and manuscript):
The primary outcome is survival, and the primary analysis is age < 75 vs age > 75, which showed no statistical difference in survival. However the conclusion states that advanced age is associated with lower survival. The conclusion needs to report the primary analysis, which in this case was neutral. I would recommend changing the primary analysis to the outcome of neurological outcome.
[Response] We appreciate the reviewer' suggestions. As suggested, we have changed the primary analysis to the outcome of neurological outcome. Then, we have revised the Conclusions section according to the study results (page 13, para 2 and page 14, para 1). Table 2 : please show data on "witnessed arrest", and "public location" if possible. I would recommend breaking down the ages into decades: ie. 18-30, 30-40, 40-50. Or at least by 20 year categories. It would guess that the best outcomes will be in the 40-60 year group. -in our experience those 18-40 do quite poorly, presumably as the arrests are often due to noncardiac causes (eg. unknown drug overdose, dissection, intra-cranial bleed, etc)
We thank the reviewer's insightful comments. As the reviewer pointed out, the best outcomes was in the 60 year group while those in 18-40 year did poorly, as the cause of arrests are likely to be noncardiac. This is shown in Table 3 This is a retrospective study that aims to assess the mortality and the neurological outcomes of elderly patients with OHCA who underwent ECPR at a single tertiary centre. Results of twenty patients over 75 years old were compared to 119 patients aged 75 or less. No statistically significant difference was found regarding the survival rate between both groups (less than 75 years old versus over 75 years old) although there was a statistically significant difference when patients were dichotomize using 70 years old. No patient over 75 years old survived with a good neurological outcome.
Knowledge regarding the short-and long-term neurological status of elderly OHCA survivors is scarce. The authors need to be congratulated for having addressed this important and understudied topic.
[Response] We appreciate the reviewer's positive comments.
Major comments: 1.
The fact that advanced age seems to be associated with lower survival is not a surprise. The previous definition of "advanced age" is heterogeneous and ranges from 65 to 85 in OHCA studies. The authors have chosen to dichotomize at 75 years old as their main outcome, which is adequate. However, there was no statistical difference in terms of mortality regarding this analysis (likely due to the lack of power…) which should be presented as their study main result. Furthermore, the conclusions should be modified in accordance with the results and authors would benefit to present the data by age group rather than conclude solely that advanced age is associated with poor survival.
For instance, in their "sensitivity analysis" the proportion of survival with good neurological outcome was similar in patients less and over 65 years old (p=1.00).
[Response] We appreciate the reviewer's helpful suggestions. We have analysed data using decades of age as a categorical variable instead of the sensitivity analysis using age as a dichotomized variable (i.e., age 70 and 65 years). In addition, we also demonstrated the association between age and outcomes by using a LOWESS smoother calculating the 95% confidence interval using a bootstrap method to indicate the break point (Figure 1 ). Based on these data, we have revised the Conclusion section in accordance with the main findings (page 13, para 2 and page 14, para 1).
2.
In the abstract and the results section, please add the number of patients included in each group for all the comparisons performed (survival and survival with good neurological outcome). The readers would benefit to know the number of patients aged over 65, over 70 and over 75. The only place I am able to find this information is in Figures 2B and 2C. [Response] We thank the reviewer's suggestion. We have added the number of patients to the abstract and Results section (page 8, para 3).
3.
[Response] We do not disagree with the reviewer's comment. Nevertheless, we believe that reporting the association between age and survival and neurologically favourable outcomes after adjusting for several important factors (e.g., initial rhythm) might be beneficial for readers.
4.
Please explain why the study was limited to the period of 2005 -2013, which means that last data was acquired more than four years ago?
[Response] Unfortunately, this study cannot include more patients as the study period approved by the Institutional Review Board was from 2005 to 2013, and this study has already been closed.
5.
Please explain how and when the neurological outcome (CPC) was assessed.
[Response] The attending physician in-charge of the rounds or the outpatient determined CPC score. We have elaborated this point in the Methods section (page 7, para 3).
Minor comments:
Abstract: Maybe add the overall survival and survival with good neurological outcome for the whole cohort in the results section.
We have added the overall survival and survival with good neurological outcome for the whole cohort to the Results section (page 9, para 2).
We have added the number of patients included in each analysis in the Results section (page 9, para 2). For the sensitivity analysis, because there were six age categories, we did not elaborated all numbers of patients included in the sensitivity nalysis in the Results section.
Please calibrate the conclusions in accordance with the results.
We have revised the Conclusions section according to the study results (page 13, para 2 and page 14, para 1).
Introduction:
A very recent systematic review and meta-analysis has failed to establish a link between age and prognosis following E-CPR. (Debaty et al. Prognostic factors for extracorporeal cardiopulmonary resuscitation recipients following out-of-hospital refractory cardiac arrest. A systematic review and meta-analysis. Resuscitation 2017). This could be an interesting addition to your introduction. Please note that I have not been involved in this systematic review.
We appreciate the helpful suggestion. We have cited this paper in the Introduction section to emphasize the knowledge gap (page 4, para 2).
Material and methods:
Lines 18 and 19, page 4 -please change canter for centre
We have edited the misspelling of centre throughout the manuscript.
Results:
Maybe explain why the authors have chosen to divide the age group as ≥ 65 years and ≥ 75 years but > 70 years old and not ≥ 70 years?
We appreciate the careful review. We have modified the sensitivity analysis using decades of age as a categorical variable.
Discussion: I suggest avoiding the term miserable as highly subjective.
[Response] We have changed "miserable" to "the lower rate of" in the Discussion section (page 10, para 2 and page 12, para 1).
In the limitation section, please add the mention that this is a small cohort and lack of power to detect a difference might contribute to the lack of association.
[Response] As suggested, we have expanded the Limitations section to mention that this study is a small cohort and the lack of power to detect a difference might contribute to the lack of association (page 13, para 1).
Conclusion:
[Response] As suggested, we have revised the Conclusions section (page 13, para 2 and page 14, para 1) in accordance with the results. Tables and figures. I let the editorial board member decide if p values should be added to the Table 1. [Response]
As the editor requested, we did not add p-values to the The study has several issues of concern that need to be properly addressed prior to publication: 1. The manuscript needs a thorough language revision, preferably by a native or fluent English speaker. In parallel with this, implementation are used inappropriately and interchangeably with indications on page 5, which causes confusion. This should be changed to indications where appropriate, so that implementation refers to whether ECMO/CPR was established. Perhaps the authors could consider to use the word establishment and established to reflect the implementation/use of the procedure.
[Response] As suggested, a fluent English speaker has reviewed our manuscript. In addition, we have appropriately corrected "implementation" to indications so "implementation" refers to whether ECMO/CPR was established.
2.
avoid words like significant and non-significant, [Response] As suggested, we have avoided use of these terms throughout the manuscript.
b. omit P-values and replace with 95% CIs, where possible
We have omitted p-values and replaced them with 95% CIs where applicable.
c. instead, to use more descriptive language throughout the manuscript, i.e. "one-month survival was X% (95% CI X-X) in patients below 75 years of age versus Y% (95% CI Y-Y) in patients of 75+ years [Response] As suggested, we have revised the Results section to demonstrate the results with 95% confidence interval.
3.
In continuation of 2, are the elderly patients that are included with severe comorbidity burden that can explain the results? This should be added as a limitation alongside the point that the elderly included patients may have had a poorer neurological state pre-arrest.
[Response] We appreciate the reviewer's helpful suggestions. Although we do not have information on patient comorbidities, elderly patients may have had a poor neurological state pre-arrest. As suggested, we have highlighted this issue in the Limitations section (page 12 para 3).
4.
Also in continuation of major comment 2, the authors are also strongly suggested to more clearly state the power issue in the conclusions and discussions and not only in the limitations section.
[Response] As suggested, we have revised the Discussion section (page 10, para 2) and Conclusions section (page 13, para 2, and page 14, para 1) to state the power issue.
a.
The overall sample size should be noted in the abstract conclusion and in the manuscript conclusion. An example of a revised conclusion could be: "Of 139 patients, one-month survival was X% in 119 patients below 75 years of age vs. Y% in 20 patients of 75+ years of age. Among these 20 patients, none survived with intact neurological outcome. A larger study is needed to confirm these results."
As suggested, we have elaborated the overall sample size in the abstract conclusion and in the manuscript Conclusions section.
b.
The first paragraph of the discussion summarizing the main findings should similarly take into account the limited number of patients studied As requested, we have clarified the limitations due to the small number of patients in the first paragraph of the Discussion section (page 10, para 2).
c.
We thank the reviewer's comment. As suggested, we have revised the manuscript to reduce the speculations regarding treatment of elderly patients with ECPR in the Discussions section (page 10-12).
5.
There is limited description of the data resource and data report form as well as the completeness of the data source. Is it part of a general OHCA database? Are EMS-witnessed cases registered and excluded from this study? This is not clear from Figure 1 .
We appreciate the opportunity to clarify this point. In our centre, all OHCA patients including EMSwitnessed cases are recorded in the form of an electronical medical chart as our data resource. We abstracted necessary data from the medical chart for this study. We have added the data resource information and data report form and the completeness of the data source in the Methods section (page 5, para 1).
Minor comments: 1.
Please add number of patients according to age in the abstract.
We have added the number of patients according to age in the abstract (page 2, para 1).
2.
We thank the reviewer's comments. We have defined "elderly" as patients aged ≥75 years and revised the manuscript to ensure consistency throughout the manuscript.
VERSION 2 -REVIEW

REVIEWER
Kristian Kragholm Aalborg University Hospital REVIEW RETURNED 14-Dec-2017
GENERAL COMMENTS
The authors have thoroughly addressed my comments and concerns. I only have one remaining issue and that relates to the inclusion of EMS-witnessed cases: As EMS-witnessed cases are included, as far as I understand, this should be reflected in the characteristics of patients by age shown in Table 2 . The percentage of EMS-witnessed cases should be shown as well as the bystander CPR rates probably should be adjusted to not include EMS-witnessed cases in the denominator. This should be noted with an asterix and explained in the table legend.
REVIEWER
Tasuku Matsuyama
Department of Emergency Medicine, Kyoto Prefectural University of Medicine REVIEW RETURNED 14-Dec-2017
GENERAL COMMENTS
The authors responded to all of my questions appropriately. Therefore, I think that this paper is suitable for the publication in BMJ open.
REVIEWER
Brian Grunau
St. Paul's Hospital, Vancouver, B.C., Canada REVIEW RETURNED 19-Dec-2017
GENERAL COMMENTS
The authors should be congratulated on their excellent study and have addressed all but one comment with a high attention to detail.
The one major remaining limitation is the inability to state that all patients were cannulated with active chest compressions. This study seeks to examine the outcomes of those treated with ECPR (definition: ECMO initiated in those with refractory cardiac arrest), and thus only those with cannulation during ongoing refractory arrest should be included. If there were some patients who obtained ROSC, but were still treated with ECMO (due to an indication such as cardiogenic shock) this is called "VA-ECMO" and is a systematically different patient population (further, it would be helpful to know when the ECMO was initiated--for example an OHCA who has a 90-minute resuscitation, then achieves ROSC but with persistent hypotension and is started on ECMO 10 minutes later, is a very different patient than one who achieves ROSC in the field but is placed on ECMO after 5 days in hospital). It may be reasonable to still call a case ECPR if the patient is placed on ECMO without "sustained ROSC" (defined as ROSC for > 20 min), but this would need to be clearly defined and described.
This study appears to include those with OHCA and ECMO treatment. The authors state they do not have data on whether ECPR was implemented during active chest compressions, however there is data on time to ROSC and time to ECPR, so I not sure why this data cannot be found. Perhaps I do not understand properly.
Definitions of this nature are critical for external validity. I would recommend using the following definitions: ECPR for OHCA: a patient who has an OHCA, is transported to the ED with ongoing CPR, arrives in the ED in a persistent pulseless state despite conventional attempts at resucitation, and undergoes cannulation and ECMO initation ECPR for IHCA: a patient who has an IHCA, remains in a pulseless state despite conventional attempts at resuscitation, and undergoes cannulation and ECMO initiation. This patient may have had a preceding OHCA, but achieved ROSC and was admitted to hospital. VA-ECMO for cardiogenic shock: ECMO initiated in a patient with a pulse for refractory cardiogenic shock. This patient may have had a preceding OHCA.
In summary, this study seeks to examine those treated with ECPR--which is the initiation of ECMO in a patient with refractory cardiac arrest--and thus with the current data interpretation is unclear. It is very important that the inclusion criteria for an ECPR study include only those treated with ECPR. The authors have made relevant changes and added valuable information in this revised version of the manuscript. My major comments were mostly addressed. The conclusion proposed by the author better reflect the study results. Their study remains limited by the small number of patients included but could be considered as a valuable addition to the ECPR literature.
REVIEWER
Minor comments:
Abstract: -Please correct the following sentence in the abstract's conclusion: In our analysis of consecutive OHCA data from a critical care hospital in an urban area of Japan, the one-month neurological survival (WITH GOOD NEUROLOGICAL OUTCOME) in 122 patients aged (LESS THAN) 75 years was 8%, whereas none of the 22 patients aged ≥75 years survived with intact neurological outcomes.
Page 7 -lines 11-12 : The attending physician at the morning conference decided the (LIKELY ?) cause of cardiac (ARREST).
VERSION 2 -AUTHOR RESPONSE
Editorial Request:
Please expand the 'strengths and limitations' section on page 3. This section should be 3-5 bullet points, no longer than one sentence each, that relate specifically to the methods or design of the study reported (see: http://bmjopen.bmj.com/site/about/guidelines.xhtml#articletypes). Please remember that it should not be a summary of the study and its findings.
temporal ROSC during transportation or any comments in the medical record regarding response to the resuscitation) (Methods section, page 8, para 2). In this analysis, there were 71 patients in the aged <75 years and 12 patients in the aged ≥75 years. The survival rate was 18% (95%CI 12%-31%) in patients aged <75 years, while no patient survived in aged ≥75 years (p=0.09). There were 5 patients (7%; 95%CI 3%-16%) with neurologically favourable outcome in aged <75 years. Although we did not fit logistic regression models as no patients survived in aged ≥75 years, these findings of the additional analysis were consistent with the main findings. We have added these results to the Results section (page 10, para 3), and expanded the Limitations section to acknowledge the suggested limitation that there might be some cases with implementation of ECMO for persistent hypotension after ROSC in the ED (page 13, para 2 and page 14, para 1).
We appreciate the opportunity to clarify this point. As we collected these data from the medical records, the accuracy of the cannulation timing (i.e., truly cannulated DURING active chest compression) depends on the attending physician and/or the timekeeper (resident or nurse) who recorded the medical chart. Thus, recall bias and information bias might occur. To address this concern, as stated above, we have added the further analysis with excluding patients who were implemented ECPR potentially due to the persistent hypotension after ROSC (Results section, page 10, para 3) and expand the Limitations section (page 13, para 2 and page 14, para 1).
We appreciated the reviewer's helpful suggestions and clarifications. Based on the suggested definitions, our data consisted of OHCA patients using ECPR. Nevertheless, as stated above, there might be some cases with an implementation of ECMO for persistent hypotension after ROSC. Thus, we have added the further analysis with excluding patients who were implemented ECPR potentially due to the persistent hypotension after ROSC and found the consistent results with the main findings (Results section, page 10, para 3).
In summary, this study seeks to examine those treated with ECPR--which is the initiation of ECMO in a patient with refractory cardiac arrest--and thus with the current data interpretation is unclear. It is very important that the inclusion criteria for an ECPR study include only those treated with ECPR.
While there might be ECPR cases for ICHA, our study findings are clinically-relevant as the implementation of ECPR, in the real setting, is generally decided from the information provided by the EMS and the patient's condition on the arrival. That being said, to address the important issue that the reviewer stated, we have added further analysis to exclude potentially-IHCA patients and confirmed the consistency of the results with the main findings (Results section, page 10, para 3). In addition, we
